implantation.5 Only one study has examined the effects of mercury vapour on fertility, reporting lengthening of the oestrous cycle and reductions in the number of implantations in exposed rats, but no differences in the number of mated females that became pregnant. 6 Little is known about the reproductive toxicity of mercury vapour in humans. Six studies, mostly conducted in Eastern Europe, have reported abnormalities of the menstrual cycle including painful menstruation and changes in bleeding patterns and menstrual cycle duration among workers exposed to mercury7-'2; two of these studies involved dental workers.0 '12 Although mercury is poorly absorbed through the skin and gastrointestinal tract, mercury vapour is efficiently absorbed through the lung."3 The dissolved vapour remains in the blood long enough to cross the blood brain barrier where it is oxidised and eliminated only very slowly.'4 Necropsy studies of occupationally exposed subjects have found high concentrations of mercury in the pituitary, thyroid, and brain' 16 and there is evidence that mercury persists in these tissues for many years. '7 Whether the mercury that accumulates is biologically active and therefore able to interfere with endocrine or reproductive function is not known. Three small studies"'20 have looked at pituitary and thyroid function in subjects with chronic exposure to mercury vapour. The results were ambiguous; pituitary and thyroid function seemed clinically normal but there were differences in prolactin or sex hormone binding globulin concentrations that might suggest an underlying effect.
The evidence that mercury accumulates in the brain, pituitary, and thyroid, that it disrupts ovulation in animals, and that women exposed to mercury experience abnormal menstrual cycles suggests that mercury vapour may impair fertility in humans.
To date there have been no epidemiological studies of the effect of mercury vapour on human female fertility. The purpose of this study was to investigate such effects among female dental assistants. Mercury is a principal component of the silver amalgam used to fill teeth. In most dental offices it is the job of the dental assistant to prepare the amalgam. Consequently most dental assistants are chronically exposed to low concentrations of mercury vapour unless they work in specialties like orthodontics or oral surgery and do not handle amalgam. As a group, dental assistants have urinary mercury concentrations higher than the general population or other dental personnel, and cases of mercury poisoning have occasionally been reported.22 Most dental assistants, however, have urinary mercury concentrations well below 50 pmg/g creatinine,2' the recommended exposure limit proposed by the World Health Organisation. 23 In this study, subfertility was assessed retrospectively by collecting information on time to pregnancy,24 defined as the number of menstrual cycles women took to become pregnant, adjusted for their frequency of unprotected sexual intercourse. This retrospective method of studying fertility24 has
The effect ofoccupational exposure to mercury vapour on the fertility offemale dental assistants been used to investigate the effects of such factors-asoral contraceptive use25 and-cigarette smoking26 27 and may be a sensitive screening tool for evaluating occupational exposures as well.
Methods

STUDY PARTICIPANTS
This study was conducted in two phases. Firstly, 7000 dental assistants aged 18-39 years were randomly selected from the dental assistant registry maintained by the California Department of Consumer.Affairs and sent a four page screening questionnaire. The questionnaire data were used to determine eligibility for the second phase of study, which involvedra-detailed telephone interview.
Of the 7000 dental assistants, eight were dead or living out of the country. Of those remaining, 4856 (69%) completed screening information, 232 (3%) could not be traced, 204 (3%) acknowledged receipt but declined to participate, and 1704 (24%) did not respond. There were five eligibility criteria for further participation: (1) women had to have been pregnant within the past four years;- (2) their most recent pregnancy could not have been due to failure of birth control; (3) they must have been married at. the time they discontinued contraception; (4) they must-have worked full time (at least 30 hours a week) in a dental profession during the six months before they began to have unprotected intercourse; and (5) they must not have changed their exposure to mercury during this six month interval (that is, if a woman changed jobs, both jobs had to involve mercury exposure or both jobs had to be free of mercury exposure). Four hundred and fifty nine women (9%) met these requirements. A further 101 women (2%) completed the mail questionnaire but could not be classified because of missing data on the screening questionnaire and 108 women (2%) were potentially eligible but did not include a correct telephone number on their form so they could not be included in the telephone interview. The most common reasons for exclusion were never having been pregnant (35%) and not-having been pregnant in the past four years (27%).
Women screened and found to be eligible for the study were asked to complete a telephone interview. Of the 459 women eligible for the study, 418 (91%) completed the full interview. Those not completing interviews either refused (n = 36), could not be interviewed because of language problems (n = 2), or could not be contacted before data collection for the study ended (n = 3). The 418 completed interviews constitute the data for this study. DATA 
COLLECTION
Data were collected between June 1987 and May 1-988. Telephone interviews, averaging 38 minutes in duration, were aimed at obtaining detailed information about reproductive and contraceptive history and occupational exposures. The interviews were conducted by trained female interviewers who were not informed of the specific hypotheses of the study.
Time to pregnancy was ascertained by establishing the-interval before the most recent pregnancy during which each woman was having unprotected sexual intercourse. 24 The date at the beginning of this interval was designated the "reference date." The number of menstrual cycles to pregnancy was calculated by taking the time between the reference date and the date of the last normal menstrual cycle, dividing by usual menstrual cycle duration, and adding one cycle (to account for the cycle in which conception occurred). Any menstrual cycles within this interval in which no intercourse occurred were subtracted (affecting time to pregnancy for six women). Menstrual cycles during which birth control was used sporadically were added as half cycles and-rounded down to the nearest whole cycle (affecting time to pregnancy for 23 women). Although women were required to have had a pregnancy during the past four years, some had begun trying to become pregnant many years before. involving categories of poor mercury hygiene factors or number of amalgams; x2 9 df = 245, p < 0 01). Table 4 shows the results from the fully developed model and presents adjusted fecundability ratios both by number of amalgams and number of poor hygiene factors. Women who prepared fewer than 30 amalgams a week had better fecundability than the Unexposed population regardless of their mercury hygiene (fecundability ratios ranged from 1-14 to 1-53). Similarly, women who prepared 30 or more amalgams a week with the -best mercury hygiene also had better fecundability than the unexposed women. Those with 30 or more amalgams a week and four or more poor mercury hygiene factors had lower fecundability, however, than the unexposed women. The thirty eight women in our highest exposure group (women preparing 30 or more amalgams a week and five or more poor hygiene factors) had the lowest fecundability (fecundability ratio = 0-63; 95% CI 0-42-0-96) after adjustment for covariates.
If only exposed women are considered, there are gradients in the fecundability ratio for both the number of amalgams prepared per week (within work practice category) and the number of poor hygiene factors (within amalgam category) that suggest a doseresponse in the higher exposure categories. Among women who prepared 30 or more amalgams per week, there was a, steep gradient in fecundability ratio by the number of poor hygiene factors (1-3, 0-8, and 0 6). There was a similar but less steep gradient among women preparing 15-29 amalgams per week (1I4, 1 2, and 1 1). Among women Proportion of women in each cell taking more than 13 cycles expressed as a fraction (%). preparing the fewest amalgams there was no gradient by number of -poor hygiene -factors (1-4, 1-2, 1-5 Unexposed women in our study had lower fertility than low exposed women (but better fertility than women in the two highest exposure groups.) This pattern was consistently present within the univariate (tables 5 and 6) and the multivariate data (tables 3 and 4) but is not one that we can readily explain. One hypothesis we considered was that our "unexposed" group may have had other unmeasured occupational exposures that reduced their fertility. The unexposed group included both women who worked in orthodontic offices and a group of women from various other subspecialties who did not work with amalgam. Both groups showed similar lower fertility than the low exposed group, indicating that it was not due to some exposure exclusive to orthodontic offices, the largest subgroup within the unexposed women. More detailed data on other exposures incurred by dental assistants who do not work with amalgam would be needed to explore this further. We also explored the possibility that the low exposed group were primarily administrative personnel who were different in other respects. Examining such variables as family income, gravidity, and seniority in the job, however, did not support this hypothesis. In fact, the study sample is restricted to one occupational group and demographically is quite homogeneous.
Another possible explanation for the U shaped dose response is that it may have been influenced by different participation rates between the unexposed and the low exposed. Unexposed women may have been less likely to participate. Among those who did, a disproportionate number may have been disposed to cooperate, in part, because they were having fertility problems. Unfortunately, we were unable to explore this possibility further because the dental assistant registry included no data on the subspecialty of the offices in which women worked.
Finally, a biological explanation for higher fertility among the low exposed women is possible. Predosing animals with low amounts of cadmium or mercury reduces the toxicity of subsequent, higher exposures to these metals.60 61 The underlying mechanism for these results is believed to involve induction of metallothionein, an intracellular protein that binds and detoxifies metals.624
Experimental evidence also suggests that metallothionein may offer some protection against low level exposures to x rays, free radicals, and alkylating agents.65 Further research is needed before the plausibility of this hypothesis can be adequately addressed. We found reduced fertility among the two groups of women in our study with the highest estimated exposure to mercury vapour, and a suggestion of dose response trends in the fecundability ratios among the two highest categories of number of amalgams and the two highest categories of poor hygiene factors. This provides limited evidence that mercury vapour may impair female fertility and justification for more intensive epidemiological study of the reproductive toxicity of mercury. In the interim, dental personnel would be wise to err on the side of caution and implement the already well established guidelines for good mercury hygiene.485' dental assistants. mercury vapour on the fertility of female The effect of occupational exposure to 
